The allele frequency of a L1 retroposon insertion into intron 30 of the neurofibromatosis type 1 (NF1) gene was determined by analyzing amplified fragment lengths in seven Asian or Pacific populations; namely, Japanese, Chinese, Indian, Malay, Filipino, Indonesian and New Guinean. Nearly I00 chromosomes from each group were analyzed. The presence of the L1 insertion was identified by the appearance of an abnormally large PCR-amplified product. The insertion frequency varied from 0.45 to 0.75, depending on the population group. Malay and Indonesian populations were found to have the highest insertion frequencies (0.75 and 0.72, respectively), while the wild-type genotype was more prevalent in Indians. The lowest insertion frequency (0.45), observed in Indians, was nearest to that reported in Westerners (0.35). The different L1 insertion frequencies found in Asian and Pacific groups reflect a major divergence in these human populations. Japanese and Chinese populations showed the highest heterozygosity (0.50), suggesting the usefulness of this polymorphism in linkage analysis in these populations.
Introduction
Neurofibromatosis type 1 (NF1) is an autosomal, dominant disorder affecting 1 in 3,000 individuals, with about 50% of those affected carrying new mutations. NF1 is characterized by peripheral neurofibromas, cafe-au-lait spots and Lisch nodules in the iris. The NF1 gene is contained within a genomic fragment of 300 kb with an open reading frame coding for 2,818 amino acids. Individuals with NF1 have an increased risk of developing benign and malignant tumors. The NF1 gene has been reported to be completely inactivated in some malignant NF1 tumors (Legius et al., 1993) and in some non-NF1 related tumors (Andersen et al., 1993; The et al., 1993) . However, the large size of the gene and the large number of exons it contains have made the identification of causative mutations difficult. Until now, only 152 mutations have been reported in the literature (Upadhyaya et al., 1994) . Therefore, most genetic studies on NF1 patient depend on linkage analysis (Jorde et al., 1993; Lazaro et al., 1993; Upadhyaya et al., 1994) .
L1 elements are a family of long, interspersed, repetitive DNA sequences that are present at ~10 ~ copies (full-length and truncated) dispersed throughout the genome. The human full-length L1 element comprises 6.1 kb, and contains two long open reading frames (ORFs), the second of which could encode a polypeptide having sequence similarity to reverse transcriptase. These structural characters suggest that L1 elements are capable of transposition via of an RNA intermediate (Hutchinson et aI., 1989) . Most of the L 1 elements identified in the human genome have retrotransposed at some time in the past and are truncated at their 5 r end.
Recently, a 351 bp long segment of intron 30 of the NF1 gene was identified as a 5 r truncated L1 retroposon (Bleyl et al., 1994) . This L1 sequence includes 124 bp of the fragment corresponding to the previously defined 3 ~ ORF in reverse orientation to the NF1 gene. The absence or presence of this L1 insertion is responsible for the TaqI polymorphism which had been identified by using Southern hybridization. As this insertion can be readily identified by the increased size of the product amplified by polymerase chain reaction (PCR), analysis of this polymorphism could provide a useful marker for use in linkage analysis in highly heterozygous populations. L 1 insertion is found relatively infrequently in the NF 1 gene in Caucasians but its frequency in other populations has not been determined. We report here an investigation of the frequency of this insertion among seven Asian and Pacific populations.
Materials and Methods
DNA samples. Whole blood samples were obtained from unrelated individuals from each population group. Samples were taken at the Kobe University Hospital, Kobe, Japan, at the National Singapore University Hospital, Singapore, at the Dr. Sardjitio Hospital Gadjah Mada University, Yogyakarta, Indonesia, and at the Philippine General Hospital, Manila, the Philippines, from neonates who were subjected for screening of other diseases. Blood samples were also collected from volunteers in Papua New Guinea. In Singapore, DNA samples from individuals from three ethnic groups (Chinese, Indian and Malay) were obtained after making sure that at least the last three generations in the families of each individual were from the same ethnic group. DNA was extracted by the phenol/chloroform method from thawed frozen blood samples.
DNA amplification. PCR amplification of the L1 insertion site in intron 30 of the NF1 gene was carried out using the primers 5'-CCTTAATCATGAAGGG-TGCTGACC-3 r and 5r-GCATGTGCCATGGTGCCTGGCT-3 '. The PCR was carried out in a volume of 20/11 containing each primer, each dNTP, and Taq Polymerase (Takara, Kyoto, Japan). After initial denaturation at 94~ for 5 min, reactions were subjected to 33 cycles of denaturation at 94~ for 60 sec, annealing at 65~ for 60 sec and extension at 72~ for 120 sec. PCR products were resolved by electrophoresis in 3% agarose gel.
Sequencing of PCR products. The amplified DNA was treated with T4 DNA polymerase (Life Technologies, Inc., Grand Island, NT) and subcloned into SmaI-digested pGEN 7Zf(+) (Promega Co., Madison, WI). The sequences of inserted DNA from three or four clones were determined by an automatic DNA sequencer (model 373A: Applied Biosystems Inc., Foster City, CA) using the Taq dyeprimer cycle sequencing kit (Applied Biosystems Inc., Foster City, CA).
Results
A region encompassing the L1 insertion site of intron 30 of the NF1 gene was amplified from each DNA by using a set of primers described in Materials and Methods. Two different sizes of DNA could be amplified and three amplification patterns were observed; one having a single product of around 150 bp, one having a single product of around 500 bp, and one having both small and large products. Only the larger product was close to the expected size calculated from the original sequence data (Weiss et al., 1992) . When the two amplified products were sequenced, the larger product (505 bp; allele 505) was found to match the original sequence perfectly (Weiss et al., 1992) . However, the smaller product lacked nucleotides 43909 to 44261 (numbering according to Weiss et al. (1992) ), although the rest of the nucleotide sequence was exactly the same as that of the clone originally sequenced. The size of the amplified product was 154 bp (allele 154). The additional 351 nucleotides present in allele 505 were identified as a 5' truncated L1 insertion, as reported by Bteyl et al. (1994) . The identical Ll-derived insertion was identified in the larger PCR product in every population studies (data not shown).
Among 50 DNA samples from Japanese individuals, 7 and 18 were homozygous for the 154 or 505 alleles, respectively. The remaining 25 (50%) were heterozygous (Table 1) . To survey the distribution of L1 insertions, NF1 genes from 100 chromosomes in each of the Chinese, Indian, Malay, Filipino and Indonesian (central Java) populations, and from 76 chromosomes from Papua New Guinea were analyzed ( Table 1 ). The highest insertion frequencies were observed in Malay (0.75) and Indonesian (0.72) individuals (Table 1) . High insertion frequencies were also observed in Chinese (0.65) and Japanese (0.61), while the L1 insertion frequency was lowest in Indians (0.45). Table 1 also shows that Japanese and Chinese individuals demonstrated the highest heterozygosity for this insertion (50%), whereas Indians, Filipinos and Malays showed heterozygosities of 46, 40 and 38% respectively.
Discussion
Retroposon L1 can transpose to new sites in the human genome, where its copy number is still increasing. Sometimes, evidence of retrotransposition is obtained when transposition results in the development of disease. At least five recent reports implicate L 1 element insertions as the cause of diseases: three in the factor VIII gene (Kazazian et al., 1988; Woods-Samuels et al., 1989) , one in the APC tumor suppresser gene (Miki et aL, 1992) , and one in the dystrophin gene (Narita et aI., 1993) . An example of de novo insertion of a retrotransposon in the NF1 gene has been reported: the Alu sequence, another family of retroposon, was identified upstream of an A-T stretch in intron 5 of the NF1 gene, resulting in a splicing error (Wallace et aL, 1991) . This report suggests that the NF1 gene itself could be a target for retroposon insertion, which is favored by certain genome nucleotide sequences (Fanning and Singer, 1987) . Recently Bleyl et al. demonstrated the presence of a silent L 1 sequence in intron 30 of the NF 1 gene. This insertion was estimated to have occurred before the divergence of humans into present-day racial groupings (Bleyl et al., 1994) . Partial deletion of a silent Alu sequence has been identified in intron 27 of the NF1 gene (Lazaro et aL, 1993) . Our sequencing results showed all L1 sequences in intron 30 of NF1 are completely identical in the seven populations studied. This finding agrees with the theory that this insertion occurred before these populations diverged.
This paper is the first report describing the L1 insertion frequencies in the NF1 gene in Asian and Pacific populations. The results showed different frequencies of retroposon insertion in the different populations. It has been previously reported that this polymorphism is present with an insertion frequency of 0.35 in Caucasians (Bleyl et al., 1994) ; our results show that the insertion frequency is higher in some of the mongoloid populations, and especially high in some groups such as Malays (0.75) and Indonesians (0.72) ( Table 1 ). These two populations are believed to have a common ancestor in South China (Bowcock et aL, 1994) .
Further, it was shown that L 1 insertion frequencies are similar in the Japanese and Chinese populations, indicating a closer genealogy (Table 1) . Likewise, the frequency of L1 insertion in intron 30 of the NFI gene in Indians is similar to that in Caucasians. These variations correlate well with the expected divergence of these racial groups (Bowcock et al., 1994) .
Heterozygosity of this insertion in Caucasians was reported to be 41% (Bleyl et aL, 1994) . In comparison, the rates were higher in Japanese and Chinese populations (50%) ( Table I ). This result indicates the usefulness of L1 insertion polymorphism as an intragenic marker for linkage analysis of the NF1 gene in these populations. We suggest that analysis of this polymorphism will facilitate the identification of cases with deletion of the entire NFI gene (Kayes et aL, 1994) , which shows up as the disappearance of one allele in linkage analysis. This polymorphism marker can thus be used together with other previously-reported markers, which showed heterozygosity rates ranging from 41% to 82% in linkage analysis of NF1 (Rodenhiser et al., 1993; Upadhyaya et aL, 1994) .
